ABSTRACT
INTRODUCTION
Instrinsically unstructured proteins exist as an ensemble of alternative conformations, in contrast to folded, globular proteins that have unique native structure. Significant fraction of known genomes encode for proteins with regions of disordered structure. In some eukaryotic genomes >20% of the coded residues are predicted as disordered (Dunker et al., 2000; Ward et al., 2004a) . In many cases a protein is fully disordered, while in many other cases there are long disordered segments in otherwise ordered, folded proteins (Tompa, 2002; Dyson and Wright, 2005) . Despite their lack of a welldefined globular structure, these proteins carry out basic functions (Iakoucheva et al., 2002; Ward et al., 2004a) , mostly associated with signal transduction, cell-cycle regulation and transcription. Several methods have been developed to predict the disordered character from amino acid sequences. Some are based on the special amino acid composition of fully disordered proteins, i.e. the abundance of hydrophilic residues and a high net charge (Uversky et al., 2000; Vucetic et al., 2003) , whereas others use various machine learning approaches trained on specific datasets (Obradovic et al., 2003; Ward et al., 2004a; Linding et al., 2003b) . Recently, it was suggested that these sequences do not have the capacity to properly wrap backbone hydrogen bonds (Fernandez and Berry, 2004) , which has also been shown to be important for protein stability.
BACKGROUND
Our method is footed on the physical explanation of the ordered/disordered nature of proteins. Globular proteins make a large * To whom correspondence should be addressed. number of interresidue interactions, providing the stabilizing energy to overcome the entropy loss during folding (Garbuzynskiy et al., 2004) . In contrast, intrinsically unstructured/disordered proteins and domains (IUPs) have special sequences that do not have the capacity to form sufficient interresidue interactions. To discriminate between ordered and disordered regions in proteins, we have developed a new approach that estimates the potential of polypeptides to form such stabilizing contacts by using a statistical interaction potential (Thomas and Dill, 1996; Dosztányi et al., 2005) . It was shown that the sum of interaction energies can be estimated by a quadratic expression in the amino acid composition, which takes into account that the contribution of an amino acid to order/disorder depends not only on its own chemical type, but also on its potential interaction partners (Dosztányi et al., 2005) .
The calculation involves a 20 × 20 energy predictor matrix, parameterized by a statistical method to approach the expected pairwise energy of globular proteins of known structure. Comparing globular proteins and disordered ones, a clear separation of their energy content is found (Dosztányi et al., 2005) . As no training on disordered proteins is involved, this distinction underlines that the lack of a well-defined three-dimensional structure is an intrinsic property of certain evolved proteins. This approach was turned into a positionspecific method to predict protein disorder by considering only the local sequential environment of residues within 2-100 residues in either direction. The score is then smoothed over a window-size of 21. This prediction method (IUPred), when tested on datasets of globular proteins and long disordered protein segments, showed improved performance over some other widely used methods, such as DISOPRED2 (Ward et al., 2004a,b) and PONDR VL3H (Obradovic et al., 2003) .
THE IUPred SERVER
The web server takes a single amino acid sequence as an input and calculates the pairwise energy profile along the sequence. The energy values are then transformed into a probabilistic score ranging from 0 (complete order) to 1 (complete disorder). Residues with a score above 0.5 can be regarded as disordered. Optional is the prediction of long disorder, short disorder, and structured domains, each using slightly different parameters. The main profile of our server is to predict context-independent global disorder that encompasses at least 30 consecutive residues of predicted disorder. A different set of parameters is suited for predicting short, probably contextdependent, disordered regions such as missing residues in the X-ray structure of an otherwise globular protein. For this application the sequential neighborhood of only 25 residues is considered. As chain termini of globular proteins are often disordered in X-ray structures, this is taken into account by an end-adjustment parameter that favors disorder prediction at the ends.
The dependable identification of ordered regions is a crucial step in target selection for structural studies and structural genomics projects (Linding et al., 2003a) . Finding putative structured domains suitable for stucture determination is another potential application of this server. In this case the algorithm takes the energy profile and finds continuous regions confidently predicted ordered. Neighboring regions close to each other are merged, while regions shorter than the minimal domain size of at least 30 residues are ignored. When this prediction type is selected, the region(s) predicted to correspond to structured/globular domains are returned.
The core program to calculate the pairwise energy profile and disorder probability is written in C, the web server is written in PHP. The calculation of the energy profile is based on single sequence, without time-consuming alignment calculations. To further facilitate the easy accessibility for scripting, a simple text output is generated on default. However, the user can also request a graphical output. The plot shows the disorder tendency of each residue along the sequence. The plot is generated by the JpGraph software (JpGraph, 2005 , http://www.aditus.nu/jpgraph/) on the fly, without storing the graphical images on the local machine. When the prediction type of structured domains is selected, these are highlighted on the plot by thick lines. For long sequences, the graph is shown for fragments of user-defined fixed length, 500 on default.
